Crustins are antimicrobial peptides initially identified in the hemocytes of the crab Carcinus maenas (11.5-kDa peptide or carcinin) and recently also recognized in penaeid shrimps and other crustacean species. The aim of this study was to identify sequences encoding for crustins from the hemocytes of four Brazilian penaeid species: Farfantepenaeus paulensis, Farfantepenaeus subtilis, Farfantepenaeus brasiliensis and Litopenaeus schmitti. Using primers based on consensus nucleotide alignment of crustins from different crustaceans, cDNA sequences coding for crustins in all indigenous penaeid species were amplified. The obtained four crustin sequences encoded for peptides containing a hydrophobic N-terminal region rich in glycine repeats and a C-terminal part with 12 cysteine residues and a conserved whey acidic protein domain. All obtained crustin sequences showed high amino acidic similarity among each other and with crustins from litopenaeid shrimps (76-98%). This is the first report of crustins in native Brazilian penaeid shrimps.
Introduction
Antimicrobial proteins or peptides (AMPs) are major components of the innate immune system of vertebrates, invertebrates and plants. In crustaceans that lack the adaptative immune system of vertebrates, these molecules are crucial immune effectors against microbial infections. In penaeid shrimps, three main families of AMPs have been currently described and characterized from the blood cells or hemocytes: penaeidins, crustins and antilipopolysaccharide factors (ALFs). Penaeidins are mainly active against Gram-positive bacteria and filamentous fungi (Destoumieux et al., 1999) , whereas ALFs have a broader antimicrobial spectrum, including also Gram-negative bacteria and marine vibrios (Somboonwiwat et al., 2005) . Conversely, crustins seem to have a more-restricted activity spectrum, affecting mainly marine Gram-positive bacteria (Relf et al., 1999; Zhang et al., 2007) . Crustins were first identified in the granular hemocytes of the shore crab Carcinus maenas and referred to as 11.5-kDa peptide (Relf et al., 1999) and later as carcinin (Brockton et al., 2007) . This AMP was shown to be hydrophobic and rich in cysteine residues at the C-terminal region, forming a characteristic single four-disulphide core, homologous to the whey acidic protein (WAP) domain of milk (Ranganathan et al., 1999) . The term crustin was first employed to designate putative AMP sequences from Litopenaeus vannamei and Litopenaeus setiferus that contained an amino-terminal region rich in repeated glycine residues in addition to the cysteinerich portion found in the 11.5-kDa peptide of C. maenas (Bartlett et al., 2002) . The aim of the present study was to identify gene sequences encoding for crustins in the hemocytes of four Brazilian penaeid shrimps, Farfantepenaeus paulensis, Farfantepenaeus subtilis, Farfantepenaeus brasiliensis and Litopenaeus schmitti.
Materials and methods

Animals and hemocyte separation
Juveniles of both sexes of the Brazilian shrimps F. paulensis (Pérez-Farfante, 1967) 1936) were obtained directly from fishermen. The hemolymph of each species (n = 6) was collected in anticoagulant (27 mM Na-citrate, 336 mM NaCl, 115 mM glucose, 9 mM EDTA, pH 7.0) and the hemocytes separated by centrifugation (800 g for 10 min).
Reverse transcriptase -PCR and molecular cloning
Total RNA was extracted from hemocytes by homogenization with TRIzol reagent (Invitrogen) following the manufacturer's protocol. First strand cDNA was synthesized from 1 mg total RNA using SuperScript III Reverse Transcriptase (Invitrogen) and an oligo (dT)-anchor primer (5 0 -GAC CAC GCG TAT CGA TGT CGA C(T) 16 (A/C/G)-3 0 ). The forward primer CRUS-Fw (5 0 -TGT ACT GGA GGC AAC CAT GA-3 0 ) was designed based on consensus nucleotide sequence alignment of crustins from different penaeid shrimps (obtained from GenBank), while the reverse primer anchor (5 0 -GAC CAC GCG TAT CGA TGT CGA C-3 0 ) was designed specifically to the oligo (dT)-anchor primer. PCR conditions were as follows: 30 cycles of 94 1C for 1 min, 56 1C for 1 min, 72 1C for 1 min and a final elongation step of 72 1C for 10 min. PCR products were cloned into a pCR2.1-TOPO cloning vector using a TOPO TA cloning kit (Invitrogen) and sequenced from both directions. The nucleotide and deduced amino acidic sequences obtained were analyzed for the similarities using BLAST at NCBI. The multiple sequence alignments were carried out using CLUSTAL X (Thompson et al., 1997) and the prediction of the signal peptide by SIGNALP (http://www.cbs.dtu.dk/services/SignalP/).
Results and discussion
Sequences encoding for peptides similar to the 11.5-kDa peptide of C. maenas and to the crustin-like peptides of shrimps were found in all examined Atlantic penaeids. The obtained cDNA fragments encoded for crustin-like precursors containing a signal peptide (18 amino acids), followed by a hydrophobic N-terminal region rich in glycine residues (up to 39) and a C-terminal portion containing 12 cysteines, forming the single four-disulphide core or WAP domain described in the crustins/carcinins of other crustaceans (Fig. 1) . Another partial crustin sequence was also found in L. schmitti (GenBank: EF601056) (data not shown) confirming the occurrence of different crustin isoforms in a same shrimp species. All obtained sequences corresponded to cationic peptides with a predicted pI varying from 7.62 (L. schmitti) to 8.29 (F. paulensis and F. brasiliensis). The molecular mass of the deduced amino acid sequences were 13, 14.52, 14.67 and 15.32 kDa for F. subtilis, L. schmitti, F. paulensis and F. brasiliensis, respectively. This mass variation was mainly due to the different amounts of glycine repeats in each crustin. The crustins of the different Atlantic penaeids displayed great similarity to each other (90-98%) and to the crustins of the genus Litopenaeus (76-98%) (Bartlett et al., 2002; Vargas-Albores et al., 2004) (Fig. 1) . They also had a significant similarity (56-60%) to different carcinin isoforms of C. maenas (Brockton et al., 2007) . As mentioned before, the presence of a hydrophobic region containing an overpresentation of glycine residues at the N-terminal portion is a marked characteristic of penaeid shrimp crustins that is not encountered in the carcinins and crustin-like peptides of several nonpenaeid decapoda (crabs and lobsters). Interestingly, a very recent report in the crayfish Pacifastacus leniusculus (Jiravanichpaisal et al., 2007) referred to the occurrence of both peptide forms in the same crustacean species. Apart from this recent report, crustins with an overpresentation of glycine residues have been reported only in penaeid shrimps.
Concerning the C-terminal region, all obtained crustin sequences showed the same molecular pattern found in crustins/carcinins from other crustaceans. All contained 12 cysteine residues positioned in a conserved pattern that included the characteristic consensus sequence, homologous to the block 2 of WAP domain (Fig. 1) . This molecular motif, also found in many other mammal-secreted proteins, seems to exert a protease inhibitor activity, as well as other biological functions (Ranganathan et al., 1999) . It is well established that protease inhibitors exert several important immunological functions, such as the inhibition of microbial proteases and the regulation of the prophenoloxidase activating system in crustaceans (Cerenius & Söderhäll, 2004) . Therefore, it would be interesting to examine the activity of crustins in other immune contexts, and not only as AMPs. This aspect will be the next concern, after producing one (or more) of the obtained crustins by the recombinant system.
